Background: A multicentre randomised controlled trial to determine the effect of a rigid plaster dressing applied at the time of trans-tibial amputation on the number of days to casting for a prosthesis, and the incidence of post-operative stump infection.
Introduction
The use of a rigid post-operative stump dressing was originally adopted as part of a programme of immediate post-operative prosthetic fitting and early ambulation which appeared to produce benefits in terms of improved wound healing, stump maturation, and early ambulation (Berlemont et al., 1969; Burgess et al., 1969) . it was noted that rigid stump dressing led to reduced post-operative stump oedema, and early fitting of a permanent prosthesis (Cummings and Girling el al., 1971). The patients reported in these early series did not 'all undergo amputation for vascular insufficiency and it was suggested that the technique was not entirely suitable for patients with vascular insufficiency, particularly when a rigid stump dressing was accompanied by immediate post-operative ambulation (Kerstein et al., 1975) .
Comparative studies of rigid and soft dressings for amputees have been inconclusive, with some authors demonstrating significant improvements in wound healing, stump shrinkage (Mueller, 1982) and a reduced time to prosthesis fitting when a rigid dressing technique is used (Mooney ef af., 1971) . Other studies have failed to show any benefit for the technique (Kane and Pollack, 1980) despite reduced length of hospitalisation (Baker et al., 1977) . The observation that rigid and semi-rigid dressings are associated with a reduction in time to first prosthesis fitting is also supported by other authors (Hanington et al., 1991; McLean and Fick, 1994 ), but to date there have not been any randomised controlled trials of a rigid dressing technique in a group of patients undergoing amputation exclusively for peripheral arterial insufficiency.
Review of a national database developed by the Scottish Physiotherapy Amputation Research Group (SPARG) of patients undergoing major limb amputation in Scotland (Condie et al., 1994) indicated that time to first casting for a trans-tibia1 prosthesis was considerably shorter at the limb fitting centre (Tayside Limb Fitting Centre, Broughty Feny, Dundee) where a rigid stump dressing was routinely applied at the time of trans-tibia1 amputation (mean days to first casting 29.5), when compared with the Scottish national average of all other limb fitting centres (44.2 days) (Condie et al., 1996) . This trial was established to test the hypothesis that postoperative application of a rigid stump dressing to trans-tibia1 amputation stumps, using the Dundee technique reduces both the incidence of amputation stump infection, and the time to first casting for a prosthesis, when compared with the post-operative dressing techniques routinely employed in other centres undertaking transtibial amputation for peripheral arterial insufficiency.
Members of the Scottish Vascular Audit Group (SVAG) were canvassed regarding possible participation in a national trial of the rigid stump dressing technique employed in Dundee, and following a positive response, a collaborative trial was established in conjunction with the SPARG.
Materials and methods

Patients and participating centres.
All vascular surgeons who had previously indicated a wish to participate in the trial were invited to attend a "hands on" training day, where the technique of plaster of Paris rigid stump dressing was demonstrated and practised. The technique employed was standardised to the method employed by the Tayside limb fitting service. A training video demonstrating the technique was made available to all participants for further dissemination of the technique. Following attendance at the training days, all participating surgeons were expected to apply a minimum of 6 rigid stump dressings to transtibial amputees prior to randomising patients. The majority of these practice dressings were applied to mature stumps, but had to include at least 1 new stump. Participating surgeons were then expected to randomise all new trans-tibia1 amputations using a central telephone randomisation service. The operative technique of trans-tibia1 amputation (skew flap or long posterior flap) was at the discretion of individual surgeons.
On completion of the trial, a questionnaire was sent to all participating surgeons and to nursing and physiotherapy staff in participating units.
Materials and technique
In the control group surgeons applied their customary dressing comprising soft dressings and bandaging. For the intervention group all participants were supplied with details of the materials required in the application of the rigid dressing and the relevant sources of the materials. The plaster of Paris was applied to the stump in theatre after wound closure. The stump was initially dressed with fluffed gauze swabs held in place with a tubinette (Seton Ltd) stocking. A moulded polyurethane distal end cap (Juzo UK Ltd, Dundee, Scotland) was then placed over the stump and held in place with an elasticated stump sock (Juzo UK Ltd, Dundee, Scotland). Two (2) rolls of 4" or 6" elasticated (Ruhrsten-Elastik, Ruhrtaler Verbandstoff Fabrik, Postfach, Germany) or conventional plaster of Paris (Gypsona, Smith & Nephew) was then applied over the stump sock after placing a pad of 5mm or 1 Ornm orthopaedic felt (Orthofelt, Johnston & Johnston) over the patella. The plaster dressing extended up to the proximal thigh and after completion, a window was cut in the plaster at the site of the patellar pad, which was then removed to enable Observation of the patella during post-operative quadriceps exercises (Fig. I) .
Rigid dressings were removed at 7 days and Treatment protocols for the post-operative care of patients with rigid dressings were supplied to nursing and physiotherapy staff in all participating units, although the post-operative management for all patients in the trial followed the participating unit's standard procedures, with the exception of the application of the POP dressing. Per-operative antibiotic and DVT prophylaxis were administered to all patients as per the participating unit's routine practice, as were nursing and physiotherapy regimes, although the supplied protocols included indications for early removal of the rigid stump dressing if this was felt clinically appropriate.
Although patients were referred for limb fitting after removal of the rigid dressing, at a time when the nursing and physiotherapy staff felt that this was appropriate, the final decision as to the suitability of a limb for casting was made by the local prosthetic team who were blinded to the post-operative dressing regime employed. 
Statistical analyses
Power calculations indicated that 150 patients required to be assigned to each treatment group to give 80% power to detect a difference of 7 days in mean time to casting at the p=0.05 level. Analysis of "days to casting" was undertaken on an intention to treat basis using the MannWhitney test, while the association between post-operative infection and type of dressing was analysed using a cross-tabulation with Chisquare test.
Results
Between March 1997 and September 1999,14 surgeons from 7 centres enrolled 154 patients in the trial (40 female and 114 male patients). Ninety-six (96) of the patients ultimately underwent casting for a prosthesis and a further 16 patients were deemed medically or psychologically unfit to proceed to limb fitting. The reasons for failure to cast the remaining patients are shown in Table 1 . Of the 112 patients who completed the trial, wound infection was documented in 12 out of 56 (21%) patients receiving a rigid stump dressing, and in 10 of 56 (18%) patients receiving the routine dressing. This difference was not statistically significant (p = 0.47, ~2 ) .
Use of a rigid post-operative stump dressing produced a median reduction in time to first casting for a trans-tibia1 prosthesis of 6 days (Fig. 2) . but this difference failed to reach statistical significance (p = 0.23, Mann-Whitney test).
Questionnaire
On completion of the data collection a simple questionnaire was sent to physiotherapy, consultants and nursing staff in all participating surgical units. The response rate was 100% from physiotherapists, 78% from participating (Table 2 ). All responding nurses indicated that the rigid dressing protected the stump from trauma and 80% felt that the reduced frequency of dressing changes was a benefit. The main areas of concern in nursing staff using the technique was the inability to visualise the wound and the fact that the rigid dressing could be too heavy for frail elderly patients to manage.
All responding physiotherapists felt that the rigid dressing technique reduced post-operative flexion contracture and half felt that the rigid dressing enabled earlier mobilisation and reduced stump oedema. There were few negative comments from physiotherapists regarding the rigid dressing although 3 commented that it reduced the patients' ability to exercise because it was too heavy for patients to manage.
Only 1 of 11 responding consultants felt that the rigid dressing was "easy to apply", although 7 of the responding 'consultants felt that the dressing protected the stump from trauma. Reasons commonly cited for not using the rigid dressing technique amongst 6 consultants responding to this particular question were the inability to visualise wound directly (3, too heavy for patient to manage (51, Registrars being unfamiliar with the technique (4), and the requirement to remove the dressing prematurely (4).
Discussion
Recruitment to this trial was halted when it became clear after 2'/2 years that the planned total of 300 patients would not be achieved within the available time and resources.
The principal difference between the two groups was a median reduction of 6 days in time to casting for first trans-tibia1 prosthesis following the application of a rigid postoperative stump dressing at the time of surgery as reported by other authors (Cumming and Girling 1971; Mooney et al., 1971, Wang and Edelstein 2000) . This failed to reach statistical significance .
The risk of a stump becoming infected is probably determined in most cases before any dressings are applied. There was no indication of any advantage for the technique in terms of reduced wound infection rates and indeed this attribute has not been claimed by previous authors.
The failure to demonstrate statistically significant benefits for a rigid stump dressing was predictable, given the anthors' failure to recruit the required number of patients into the study (Type I1 statistical error), despite a lower than expected mortality rate (16%), and the fact that a further 14% of patients were judged either too unfit for limb fitting, or required conversion to a trans-femoral amputation at some point following randomisation. Power calculations had indicated that approximately 300 patients would be required to be randomised, however, ii number of surgeons did not participate in the study despite having previously indicated a willingness to participate. The reasons for this non-participation remain unclear.
One explanation for low recruitment in the trial is that amputation is an operation often delegated to subconsultant grades of staff. Participating consultants were trained in the rigid dressing techniques workshops at the start of the trial, videos of the technique being made available for other staff. Frequent rotation of junior staff meant that the logistics of training staff in the techniques presented difficulties which increased as the trial progressed.
The idea of demonstrating techniques to consultants and then relying on this to be "cascaded down" to trainees has largely failed in this study. In retrospect it may have been better to disseminate the technique via "hands-on" training days for trainees throughout the course of the study, with-video dissemination of the technique to consultants, rather than the reverse of this.
Stump trauma is an important post-operative problem. The rigid dressing offers protection to the stump. It would however require a considerably larger trial to demonstrate differences in stump revision rates.
Concerns about the dressing being too heavy could be overcome by adhering to the recommended protocol of applying only 2, or at most 3, layers of plaster bandage, or by the use of lightweight plaster bandages in preference to traditional plaster of Paris. It is common sense that the construction of a rigid stump dressing should be adapted to the size and strength of the patient. In these circumstances and with the appropriate dissemination of the technique to the trainees who are liable to be carrying out the procedure, it should be possible to recruit sufficient numbers to obtain statistically valid results from a trial of rigid dressing application to post-operative trans-tibial'amputation stumps.
Among participants there was considerable 'enthusiasm for the technique by the end of the trial with 100% of physiotherapists, all responding nurses and 70% of consultants indicating that rigid stump dressing was an improvement on their previous routine postoperative dressing. Most consultants stated that they would henceforth employ the rigid dressing in the majority of cases.
In summary the data trends produced in this 
